ABSTRACT -The purpose of this study was to investigate the effects of gosling quality on their growth parameters, intestinal villus morphology, blood biochemistry, and nonspecific pathological lesions from 0 to 4 weeks old. Seventy-two goslings were randomly distributed into 12 pens, with each pen containing three males and three females in a completely randomized design of two control variables, including healthy and weak goslings. Healthy goslings all shared the same characteristics, such as good features with no abnormalities and full absorption of yolk sac. Albeit lighter body weight (<85 g/bird) and incomplete absorption of the yolk sac were found in the weak geese, no obvious disease was exhibited in them. Post mortem examination revealed that the incidence of nonspecific pathological lesions of the 4 week-old healthy and weak gosling groups were 25.0 and 50.0%, respectively. Nonspecific pathological changes of 4 week-old goslings in the liver, ileum, lung, and heart were 16.7, 12.5, 8.3, and 4.2%, respectively. The healthy goslings also had higher total cholesterol, high-density lipoprotein, and low-density lipoprotein than weak goslings. Separately raising weak goslings from 0 to 4 weeks old could increase the survival rate and reduce economic losses of feeding.
Introduction
The major breed of meat geese in Taiwan is the White Roman goose (97% of the market). In Taiwan, according to statistics data from the Council of Agriculture, Executive Yuan (2012), the goose industry makes 2.29 billion NT dollars a year, involving 4.93 million geese slaughtered for meat, and goose number on farms at the end of the year was 1.86 million. A statistical report of the Taiwanese goose industry in 2013 stated that there were 8.8 million fertilized eggs and 6.5 million of hatching goslings; therefore, the hatchability of fertile eggs was 72.7% (Goose Association of the Republic of China, 2013) .
The age of parent geese influences the weight of hatching eggs and of one-day-old goslings (Shanawany, 1987) . Also, species will affect the characteristics of eggs. For instance, the Babat Grey Landes breeders produce heavier eggs and goslings than inexperienced breeders (Spiller et al., 2003) . Egg weight have a positive relationship to the weight of newborns (Shanawany, 1984; Lin and Hsu, 1998; Saatci et al., 2005) . Peebles et al. (2001) indicated that breeder age has a significant effect on chick body weight at incubation. Ramaphala and Mbajiorgu (2013) indicated that large-sized eggs produce chicks with higher hatch-weight than medium and small-sized eggs. Taking all of this into account, the size of fertilized eggs has been shown to be related to the age of breeders. Moreover, larger fertilized eggs typically produce heavier goslings. Petek and Dikmen (2006) indicated that pre-storage incubation and length of egg storage affect hatchability. Petek et al. (2010) showed that length of day-old chick could affect body weight from 1-35 days. So, higher-quality chicks at birth will have better growth performance. Tona et al. (2003) indicated that there is a negative linear relationship between chick relative growth and egg weight and between relative growth and day-old chick weight. These authors indicated that estimation R. Bras. Zootec., 47:e20170017, 2018 of chick quality included physical conditions such as activity, feathering, eyes, conformation of legs, aspect of navel area, and yolk absorption of day-old chicks. Chicks were examined macroscopically to identify the different characteristics that could be associated with good-, average-, or poor-quality chickens. Van de Ven et al. (2012) reported that the quality of chicks was evaluated based on five criteria: navel condition (black button and/or leaky navel); yolk sac (large size of the residual yolk sac); red hocks (red and/or swollen hocks); abnormal beak (red beak and/or nostrils contaminated with albumen); and low alertness. Bednarczyk and Rosinski (1999) reported that White Italian geese and Kuban geese have a weak gosling birth rate of 6.6 to 11.5% of total goslings. Muhammad et al. (2009) found that the rate of culled chicks was 0.19 to 10.9% in hatcheries. Ulmer-Franco et al. (2010) reported that the rate of culled chicks at hatching was 0.3 to 3.2%. These reports have demonstrated that, under normal conditions, more weak goslings are born than weak chicks. However, a higher rate of weak goslings may lead to a decrease of both product and profit. In a commercial geese farm, weak goslings may be isolated until they recover to normal status. Those weak goslings in serious conditions or those that have not fully absorbed the yolk sac are suggested for euthanasia.
According to Heier et al. (2002) , the mortality rate in the first week was higher than the average weekly cumulative mortality during the growing period, and the main causes of mortality of 1-7 week-old broilers were syndrome, colibacillosis, yolk sac infection with omphalitis, and cecal coccidiosis (Buragohain and Kalita, 2010) . In the present study, we tried to connect the relationship between gosling quality and growth characteristics, including some parameters such as biochemistry and prevalence of disease to provide more reference for gosling farming.
Material and Methods
Research on animals was conducted according to the institutional committee on animal use (LRICH IACUP 10409). The experiment was conducted in Changhua (located at 23°51' N and 120°33' E), Taiwan.
A total of 520 White Roman breeder geese, including 120 males and 400 females at the 3rd parity, were moved to a controlled-environment breeding house before the laying period. The gander to goose ratio was 1:3.33 at the initial stage. The controlled-environmental breeding house was 12.0 × 38.0 m with a total area of 456 m 2 and 1.22 m 2 per goose. Ten feeding tanks, 20 water dispensers, and one pond measuring 38 × 0.8 × 0.3 m, were provided in each house. The laying diets contained 18% crude protein (CP) and 2,650 kcal metabolizable (ME)/kg. White Roman goslings were hatched on March 7th, 2013. Hatching eggs were kept at 18 ºC, and all the eggs collected in two weeks were hatched at the same time. Seventeen production clutches of fertilized eggs adding up to 24,243 eggs were tested for fertility and hatchability. The eggs were then placed into an automatic incubator (Tonz Nan Incubators Manufactured Co. Ltd., Taiwan) set at 37.7 ºC for days 0-14, at 37.5 ºC for days 15-28, and at 37.2 ºC during hatching. Fertilized eggs were judged by naked-eye observation with beam of light in a candler in a dark room on 7th day after hatching. Hatchability was defined as the percentage of goslings hatched over the number of fertile eggs incubated. The percentage of fertility was measured as: (Total eggs − Non-fertilized eggs) ÷ Total eggs × 100%. Percentage of weak goslings was measured as: Number of weak goslings ÷ Total goslings × 100%.
During 0-4 weeks, 72 goslings were assigned to two treatments, healthy and weak gosling groups, regarding their health status, and each treatment included six pens, each containing three males and three females. Healthy goslings all shared the same characteristics, such as good features with no abnormalities and full absorption of yolk sac. Albeit lighter body weight (<85 g/bird) and incomplete absorption of the yolk sac were found in the weak geese, no obvious disease was exhibited in them. Hatching goslings were identified as of two types: healthy and weak goslings ( Figure 1 ). The pen of the nursery house measured 2.4 × 1.9 m (4.56 m 2 ) with 1.35 goslings/m 2 . It contained a wire floor, one tank, and one water dispenser. Basic feed was provided during the experiment (20% CP; 2,900 kcal/kg ME).
Goslings were weighed at hatching, at 2 weeks old, and at 4 weeks old. Also, feed of each column was weighed to calculate the feed intake. The goslings were randomly selected, and blood samples were obtained by wing venipuncture before each goose was killed by exsanguination. The blood samples were centrifuged at 3000 × g for 30 min at 4 ºC; samples were then stored at −20 °C until analysis. Serum biochemical parameters analyses were performed by an Automatic Biochemical Analyzer (Hitachi, 7150 auto-analyzer, Tokyo, Japan). The goslings were sacrificed by cervical dislocation. Heart, kidneys, liver, lung, spleen, intestine, and testes or ovaries were collected and fixed in 10% neutral buffered formalin for pathologic examination. Tissues were further processed, embedded in paraffin, cut in 2 µm size by microtone (Leica RM 2145, Nussloch, Germany), stained with hematoxylin and eosin staining, and evaluated under light microscope (BX-51, Olympus, Tokyo, Japan) for histopathological evaluation. Severity of lesions was graded according to the criteria described by Shackelford et al. (2002) . Degree of lesions was graded from 1 to 5 depending on severity: 1 = minimal (<1%), 2 = slight (1-25%), 3 = moderate (26-50%), 4 = moderate/severe (51-75%), and 5 = severe/high (76-100%). Incidence rate was examined as numbers of affected geese/total number of geese.
A total of 24 four-week-old goslings (12 males and 12 females) from each group (one male and one female; two geese per pen) were randomly selected and sacrificed at the end of the experimental period. Goslings were weighed and then sent to electrocution and exsanguinated by the carotid artery. Abdominal fat and organs including heart, gizzard, liver, spleen, duodenum, ileum, and jejunum were weighed, as well as the carcass without these organs. The jejunum was identified from the duodenum to Meckel's diverticulum and the ileum was identified from Meckel's diverticulum to the ileocecal. Jejunum and ileum were fixed in 10% buffered formalin and three cross-sections were taken in the middle of the intestine. The sections of intestines were photographed in low-light and then calculated by the image Pro plus ® (Image Pro-Plus, CA, USA). Villi length, villi width, and crypt depth were determined by taking the average value of ten samples (Samanya and Yamauchi, 2002; Morales-López et al., 2009 ). Average villi area was determined as average villi length multiplied by average villi width (villus height × villus width = area). Villus depth:crypt depth ratio (VD:CD) was determined as average villi depth divided by crypt depth ( ). All gross pathological lesions were recorded and severity of lesions was graded according to the methods described by Shackelford et al. (2002) .
The data collected were statistically analyzed using the general linear models procedure (GLM) of SAS software (Statistical Analysis System, version 9.01), following a random arrangement. The mathematic model used was:
Y ij = μ + T i + ε ij , in which Y ij = observed response of the bird in the pen; µ = overall mean; T i = fixed effect of gosling quality treatment; and ε ij = residual error when the pen was regarded as an experimental unit, ε ij ~ N(0, σ 2 ε ). The mean values between two gosling quality treatments were compared using the LSMEANS with the significant level at P<0.05.
Results
Results showed that White Roman geese had an average 77.7% fertility (Table 1) . With the 84.1% hatchability, there were 5.16% weak goslings. The low percentage of weak goslings may be attributed to the 3rd parity. Moreover, the total 15,839 goslings were hatched in an incubator and the total egg of hatchability was 65.3%.
The weight at birth had a strong relationship with the physical condition of goslings (0.10 vs 0.09 kg; P<0.05) ( Table 2 ). The body weights were not different between different treatment groups at two and four weeks, indicating Healthy type of gosling (A); weak gosling with infirmity and puny and hatching weight smaller than 85 g or incomplete absorption of the yolk sac (B). that the physical condition at birth did not affect the continued growth performance of goslings. In other words, even though the weak goslings were lighter at birth, the rates of weight gain were similar to the healthy birds. Thus, the weak goslings are able to obtain normal weight after receiving more attention and care, and the cost of waste can be avoided. Weak goslings had a higher mortality rate at the 2nd week of the raising period and had higher mortality rates from birth to four weeks than healthy goslings (Figure 2 ).
The average weekly mortality of weak and healthy goslings was 6.18 and 1.53%, respectively. Although the statistics of mortality showed no significant difference, mortality of weak goslings was higher in the 2nd week of the raising period, and the cumulative mortality from hatching to the 4th week of the raising period was higher than that of healthy birds.
The incidence of pathological lesions of healthy and weak goslings was 25.0 (3/12) and 50.0% (6/12), respectively ( Table 3 ). The major lesions were found in the liver, lung, and ileum. The survival rate of healthy goslings at four weeks old was 97.2%, higher than that of weak goslings (83.3%). The results demonstrate that the quality of goslings could affect the survival rate of geese.
Four-week-old healthy geese had lower triglycerides (TG) than weak goslings (148 vs 217 mg/dL; (P<0.10). Healthy goslings also had higher total colesterol (TC; 204 vs 160 mg/dL; P<0.01), high-density lipoprotein (HDL; 107 vs 74.4 mg/dL; P<0.01), and low-density lipoprotein (LDL; 71.0 vs 48.8 mg/dL; P<0.01) than weak goslings (Table 4) . In this study, the average villus height of weak goslings was higher than that of healthy goslings (1,050 vs 979 μm; P<0.10) (Table 5 ), but no difference was found between different treatment groups indicating that the quality of goslings does not affect the condition of the intestines. In this study, the condition of goslings affected the biochemistry values of serum, such as TC, HDL, LDL, and TG. This implies that gosling quality might influence blood biochemical parameters, which may further affect survival rates of gosling. The degree of lesions was graded from 1 to 5 depending on severity: 1 = minimal (< 1%); 2 = slight (1-25%); 3 = moderate (26-50%); 4 = moderate/severe (51-75%); 5 = severe/high (76-100%). Heart: infiltration, mononuclear cells, focal, minimal; liver: infiltration, glycogen, diffuse, slight infiltration, mononuclear cells, focal, slight; lung: inflammation, bronchiole, focal, minimal to slight, proliferation, lymph node, focal, slight to moderate; ileum: necrosis, crypt, focal, minimal to slight. Dudusola, 2013), nutrition (Pérez-Bonilla et al., 2012; Mousavi et al., 2013) , and lighting (Alabi et al., 2012) . Saatci et al. (2005) found that a significant positive correlation was found between egg weight and hatching weight of goslings. It was a regression coefficient between egg and hatching weight (Y = 20.0318 + 0.512591X; r 2 = 0.51). Puchajda et al. (1988) indicated that relation of egg weight with hatching weight of goslings was 0.64. The regression of hatching weight on egg weight was 0.74. Shanawany (1984) indicated that hatching weight is highly correlated with egg size. Lin and Hsu (1998) indicated that lighter eggs hatched lighter goslings and lighter goslings had a lower survival rate. Another study showed that weak White Italian and Kuban goslings were 6.6 to 11.5%, respectively (Bednarczyk and Rosinski, 1999) . In this study, the mean egg weight was 181 g and mean gosling weight was 108 g (Table 1 ). A high rate of weak goslings may have an economic impact on a farm. In this study, goose eggs lighter than 120 g should be considered substandard and disposed of before hatching to increase the quality of newborns. Lin and Hsu (1998) indicated that lighter native chickens at birth would also be lighter in six to 15 weeks. Studies have also indicated that lighter eggs of Koekoek chickens would lead to lighter chicks, and this condition would continue until seven weeks (Egbeyale et al., 2011; Alabi et al., 2012) . In this study, the results did not match previous studies. This may be due to the fact that the weights of chicken eggs have a wider range (110 to 230 g) than goose eggs. The wide range of egg weights would lead to a wide range of chick weights. Lighter chicks would lead to less feed intake. However, geese were totally the opposite. Lighter goslings at birth had similar feed intake as healthy ones, so the weight of weak goslings increased very fast. Thus, until four weeks, there was no difference between healthy and weak goslings. Heier et al. (2002) found that the mortality rate during the first week was 1.54%, and the average weekly cumulative mortality was 0.48% during the growing period. Chou et al. (2004) showed that broilers raised indoors with open-curtain ventilation had the lowest mean first week cumulative mortality, 1.30%, relative to those raised indoors with negative pressure ventilation (1.42%) and water-cooled ventilation (1.37%). Weak goslings had higher mortality rates during the growing period. Higher mortality rates among weak goslings during the growing period were also found in this study. This phenomenon might be attributed to underweight goslings, incomplete absorption of the yolk sac, or delayed growth of weak goslings. Buragohain and Kalita (2010) indicated that the main causes of mortality in 1-7 week-old broilers are 
Discussion
Egg weight was affected by age (Tufft and Jensen, 1991; Bednarczyk and Rosinski, 1999; Spiller et al., 2003;  ascites syndrome (34.3%), colibacillosis (19.23%), yolk sac infection with omphalitis (12.18%), and cecal coccidiosis (8.33%). These findings demonstrate that weak goslings experience a higher incidence of pathological lesions, which might lead to higher mortality rates. Therefore, it is suggested that weak goslings be separated from flocks to increase their chances of survival. Han et al. (1993) indicated that total cholesterol content in laying hens that received diet supplemented with cholesterol, soybean oil, and fish oil was higher than those of control groups. Naber (1983) indicated that liver cholesterol biosynthesis is affected by diet. Luquetti et al. (2004) indicated that red blood cell numbers, hematocrit, mean cell volume, hemoglobin, and blood viscosity of neonatal chicks are not affected by age in broiler breeder. Musa et al. (2007) reported that total cholesterol and HDL in serum differ among breeds. Then, male chickens had a higher serum of total cholesterol and LDL than those of the female group. In this study, healthy goslings also had higher TC, HDL, and LDL than weak goslings (Table 4) .
Conclusions
Healthy goslings are heavier when hatched and fewer non-specific pathological lesions were found. Also, healthy goslings have higher survival rate. Weak goslings exhibit significant lighter body weight and higher mortality ratio at hatchling as comparing with the corresponding healthy group. Moreover, higher incidence of pathological lesions is also found in weak goslings than the healthy counterparts. During 0-4 weeks, weak goslings have a general higher mortality rate. Accordingly, we suggested that while the weak goslings were raised separately during 0-4 weeks, their survival rate could be improved with good care.
